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Cristae junctions mark the boundaries of respiratory compartments in the inner mitochondrial membrane. In
this issue of Developmental Cell, von der Malsburg et al. (2011) identify a complex, MINOS, that organizes
cristae junctions. Mitofilin/Fcj1, the central component of the MINOS complex, also connects the inner
membrane to outer membrane protein import machinery.Mitochondria consist of two membranes
that strongly differ in structure and
function: The outer membrane is lipid-
rich and contains pore-forming b-barrel
proteins that allow the diffusion of mole-
cules with masses of up to several thou-
sand daltons. In strong contrast, the inner
membrane has one of the highest protein
contents of all cellular membranes: respi-
ratory chain complexes and other mem-
brane-embedded proteins make up to
about 80% of its mass. The respiratory
chain complexes form large supercom-
plexes of several megadaltons and are
highly enriched in invaginations of the
inner membrane, called cristae. Protein
translocation complexes and metabolite
transporters are preferentially found inFigure 1. Mitofilin/Fcj1 Serves as Organizer of the MINOS Complex
at Mitochondrial Cristae Junctions and Promotes Protein Import
into the Intermembrane Space
Mitofilin/Fcj1 and Mio10 (shown in red) are two critical subunits of the MINOS
complex that together with a number of further subunits (shown in green) form
the inner membrane contacts at cristae junctions. The property of Mitofilin/
Fcj1 to form homo-oligomers suggests that it serves as structural element in
these complexes. In addition, Mitofilin/Fcj1 interacts with the protein-con-
ducting channel of the TOM complex and the inner membrane protein
Mia40. It probably thereby brings both outer and inner membranes of mito-
chondria in close contact to improve the translocation of intermembrane
space proteins.a functional different region
in the inner membrane that
closely opposes the outer
membrane, referred to as
inner boundary membrane.
Cristae and inner boundary
membraneare physically sep-
arated by cristae junctions.
These neck-like structures of
12 to 40 nm in diameter were
described by electronmicros-
copy some time ago (Man-
nella, 2006), but their molec-
ular nature remained elusive
until, very recently, the inner
membrane protein Mitofilin
(called Fcj1 in yeast) was
found to represent a constit-
uent of cristae junctions (John
et al., 2005; Rabl et al., 2009).
In this issue of Developmental
Cell, von der Malsburg et al.
(2011) report on the identifica-
tion of a large Mitofilin/Fcj1-
containing protein complexpresent in the inner membrane of yeast
mitochondria (von der Malsburg et al.,
2011). They named this complex MINOS
for mitochondrial inner membrane orga-
nizing system because it presumably rep-
resents the structure that forms cristae
junctions. The same protein complex
was identified independently in two other
studies and namedMICOS (formitochon-
drial contact site complex)(Harner et al.,
2011) or MitOS (for mitochondrial orga-
nizing structure)(Hoppins et al., 2011).
The MINOS complex consists of six
subunits: Mitofilin/Fcj1, Mio10 (Mcs10
andMos1), Aim5 (Mcs12), Aim13 (Mcs19),
Aim37 (Mcs27), and Mio27 (Mcs29 and
Mos2) (Figure 1). Mitofilin/Fcj1 and Mio10
are crucial for cristae junction formation;Developmental Cell 21mutants lacking one of these components
show parallel cristae sheets in the mito-
chondria and a strongly reduced number
of connections of cristae and boundary
membranes. In these mutants, luminal
intermembrane space (IMS) proteins
such as Tim13 remain protease inacces-
sible even upon hypotonic rupturing of
the outer membrane, indicating that the
intracristae lumen is no longer continuous
with the peripheral IMS. Mitofilin/Fcj1 and
Mio10 form the core complex to which
Aim5, Aim13, and Aim37 are attached.
Mutants lacking one of these latter three
components still show cristae junctions,
albeit at reduced frequency. Mio27 is a
homolog of Aim37 and dispensable for
cristae junction formation. The subunits, October 18of the MINOS complex are
conserved in eukaryotes. The
Caenorhabditis elegans or-
thologs of Mitofilin, Aim13
(called CHCH-3), and Aim37
(called MOMA-1) were re-
cently identified in an RNA
interference screen for mu-
tants with aberrant mitochon-
drial morphology (Head et al.,
2011). It is still not known
how the MINOS complex
contributes to the formation
of cristae junctions, but the
tendency of Mitofilin/Fcj1 to
form large homo-oligomers
(John et al., 2005; Rabl et al.,
2009) suggests that this cen-
tral component serves as re-
petitive structural constituent
of cristae junctions. However,
the few cristae junctions
that are still found in the
absence of the MINOS com-
plex resemble those found in, 2011 ª2011 Elsevier Inc. 599
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Previewswild-type mitochondria suggesting that
additional structural components con-
tribute to the formation of the cristae junc-
tions (Hoppins et al., 2011).
On the basis of mathematical modeling
of mitochondrial ion and metabolite
fluxes, it was proposed that the organiza-
tion of respiratory chain complexes in
cristae membranes is crucial for efficient
ATP production at the inner membrane
(Mannella, 2006). Thus it is not surpris-
ing that the deletion of Mitofilin/Fcj1 or
Mio10 leads to a reduced innermembrane
potential and impaired growth on nonfer-
mentable carbon sources. It was, how-
ever, unexpected that Mitofilin/Fcj1 (but
not other subunits of theMINOS complex)
plays a role in the import of proteins into
the IMS of mitochondria.
Many proteins of the IMS lack typical
mitochondrial targeting signals but are
directed into mitochondria by cysteine-
containing sequences. These proteins
are threaded across the outer membrane
through a pore in the Tom40 subunit of
the translocase of the outer membrane
before they interact with the IMS pro-
tein Mia40 (Chacinska et al., 2004; Naoe´
et al., 2004). Mia40 serves as an oxidore-
ductase that introduces disulfide bonds
into the incoming polypeptides and
thereby mediates their folding in the IMS
(Mesecke et al., 2005). Interestingly, von
der Malsburg et al. (2011) identified both
Mia40 and Tom40 as binding partners of
Mitofilin/Fcj1 in mitochondria. Moreover,
depletion of Mitofilin/Fcj1 reduced the600 Developmental Cell 21, October 18, 2011import efficiency of Mia40 substrates,
whereas overexpression of Fcj1 increased
it. This suggests thatMitofilin/Fcj1, in addi-
tion to its role in cristae formation, orga-
nizes the contacts of outer membrane
and inner membrane proteins (Figure 1).
It thereby might align the TOM pore with
the Mia40 receptor on the trans site to
increase import efficiency. It is attractive
to speculate that such an organization
defines hot spots of protein import into
the IMS at regions that are in close prox-
imity to cristae junctions, potentially to
ease further transport of respective
proteins into thecristae lumen. In thestudy
of Harner et al. (2011), further contacts of
the MINOS complex to outer membrane
proteins are reported, in particular con-
tacts to the b-barrel assembly machinery
and to Fzo1, which is a cytosol-exposed
mitochondrial fusion protein. Thus, the
MINOS complex might not only organize
homotypic inner-to-inner membrane con-
tacts at cristae junctions but also play
a role for specific types of heterotypic
contact sites at which the innermembrane
comes in contact with the outer mem-
brane of mitochondria. It will be exciting
to see whether, in addition to its role in
organizing the import machinery for IMS
proteins, the MINOS complex also
contributes to the exchange of other
molecules such as metabolites or mem-
brane lipids. The discovery of this novel
membrane complex in mitochondria cer-
tainly will open a door into a so far unex-
plored aspect of mitochondrial biology.ª2011 Elsevier Inc.REFERENCES
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